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Changes in Body Condition from Prepartum to Postpartum on Health and Reproduction 
in Dairy Cattle  
Keli Ann Akers 
 The aim of this study were to body condition score, 72 Holstein-Friesian dairy cows at 
prepartum, compare lean, moderate, and over-conditioned categories, and relate any changes 
associated with the various time points with reproductive success by measuring body condition 
score, hematocrit, total white blood cell (WBC) differential, haptoglobin (Hp) concentrations, 
milk yield and monitoring health status. The body condition score changed significantly with 
time with the greatest unit loss being in the over-conditioned cattle from d -30 to d 35 
postpartum. The BCS losses for each category did not have a significant effect on reproductive 
success at any time. Health disorders were significantly related to parity. The health status had at 
d 0 to 10 and during pre-breeding (d 20 to 26) postpartum had a significant effect on 
reproductive success. The hematocrit values were significantly reduced at d 20 to 26 postpartum. 
Pregnancy success was associated with Hp and milk yield with higher Hp concentrations and 
higher milk yield having the highest pregnancy rate. The white blood cell differential count was 
significantly different at certain sampling time points for monocytes, total neutrophils, and 
eosinophils; with the highest concentration for each at parturition. Lymphocyte concentrations 
did not differ. The study revealed that body condition, hematocrit, and parity were not good 
indicators of reproductive success. Parity of an animal had no effect on reproductive success but 
its association with prevalence of disease and health disorders in early postpartum decreased 
pregnancy success to first artificial insemination. Likelihood of successful pregnancy was high if 
both Hp and milk yield were high. The WBC counts portrayed lower than normal concentrations 
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I. LITERATURE REVIEW 
The dairy industry has placed emphasis on the importance of milk production by 
genetically selecting for cows that portray high milk yields with little concern for other 
attributes. As a result, today’s dairy herd undergoes a large negative energy balance (NEB) due 
to the high milk yields altering the available glucose for metabolism versus milk production.  
This NEB causes a decrease in reproductive performance, which is effected in various ways from 
the timing of conception, pregnancy rate, and maintaining the pregnancy to full term (Butler, 
2012; Walsh et al., 2011). These changes are likely associated with lack of sufficient energy for 
the reproductive tract to function properly allowing for adequate hormone signaling and embryo 
survival.  
 During the transition from prepartum into lactation, the dairy cow is faced with low 
glucose availability; hence, she undergoes various metabolic changes to overcome this deficit 
(Grummer et al., 2004). The responses are defined as stress (Selye, 1936). The cow is releasing 
metabolic hormones to help regulate energy metabolism. The actions of these hormones are first 
implemented through cyclic adenosine monophosphate (cAMP; Acin-Perez et al., 2009). This 
second messenger molecule carries hormonal signals (e.g. glucagon and adrenaline) into the 
cytoplasm of various cells, helps regulate the amount of glucose (Squires, 2003). Low energy 
levels (increase in AMP and decrease in ATP) leads to the release of cortisol, the main stress 
hormone.  The release of cortisol results in increasing concentrations of epinephrine (adrenaline), 
which elicit an increase in glucagon release from the pancreas.  Glucagon and epinephrine are 
responsible for fatty acid oxidation, whereas in times of energy abundance the insulin 
concentration is greater allowing for fatty acid synthesis (Berg et al., 2001).   
a. Acute Phase Response  
During the stressful transition period in the dairy cow an acute phase response (APR) 
occurs and, as a result, activation of the hypothalamo-pituitary-adrenal (HPA) axis (Berezi et al., 
2005).  This response involves various changes including but not limited to inflammation, fever, 
and suppression of appetite.  The APR is under the control of various cytokines used in signaling 
pathways, which are produced by macrophages as a defense mechanism for the animal facing 
stress or injury (Berezi et al., 2005). The immune system begins to release cytokines such as, 
tumor necrosis factor alpha (TNFα), interleukin-1 (IL-1), and interleukin-6 (IL-6) causing an 
inflammatory response (Berezi et.al, 2005), insulin resistance via phosphorylation of insulin 
receptor substrate-1 (IRS-1), stimulation of corticotropin releasing hormone (CRH) from the 
hypothalamus (Li et al., 2007; Squires, 2003), and reduce feed intake (Yuan et al., 2013). Feed 
intake is regulated through stimulation of adipocytes, mechanical forces (stomach and small 
intestine), and actions of hormones  When TNFα is secreted, an immune response is initiated 
causing lipolysis, prevents insulin and glucagon secretion and transduction, apoptosis and 
necrosis, as the name suggests (Beitz, 2014). TNFα also induces release of CRH leading to 
synthesis of cortisol and other glucocorticoids, which can result in reduced reproductive function 
(Squires, 2003; Berezi et al., 2005). Glucocorticoids are secreted from the adrenal cortex to 
enhance glucose synthesis through gluconeogenesis and lipolysis of triglycerides (Squires, 2003; 
Uchoa et al., 2014). Cortisol is a glucocorticoid released during times of stress (Combs, 1998; 
Uchoa et al., 2014) and responsible for metabolism of proteins, fats and carbohydrates via 
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breaking down the body’s storage reservoirs (triglycerides and glycogen) in times of low blood 
glucose (Combs, 1998; Squires, 2003), as well as, initiating onset of lactation and glucose uptake 
in mammary tissue (Tucker, 2000).  This is an important mechanism for the transition dairy cow 
during the last three weeks prepartum and first three weeks postpartum due to her inability to 
maintain sufficient glucose levels for lactation and body weight regulation as observed through 
body condition score (BCS).  
The glucose requirements for lactation cause the cow to increase her dry matter intake 
(DMI) postpartum. However, high DMI does not negate the increasing demand for glucose 
during the first few weeks of lactation (Drackley, 2004).  As a result, the cow will lose weight 
due to increased protein and fat catabolism during this NEB. The NEB is typically monitored by 
measuring the concentration of non-esterified fatty acids (NEFA) in blood samples. Under NEB, 
dairy cows show increased rates of NEFA due to increased lipolysis. The increased DMI causes 
great changes in the gastrointestinal tract that may negatively affect digestion.  Many dairy 
farmers recognize the increasing need for energy in the transition cow and feed a higher ration of 
grains several weeks before parturition (close-up cows) to decrease the severity of the NEB 
(Rabelo et al., 2005).  As a result, cows are shifted from a high fiber (cellulolytic) based diet 
during far off and late lactation (minimizing gain in body condition and feed costs within the 
herd) to a grain (high energy starch based) diet, which alters populations of microbial species and 
fermentation processes in the rumen (Ametaj, 2005; Khafipour et al., 2009; Esposito et al., 2014) 
and suppresses the immune system (Esposito et al., 2014). The concern with shifting the 
microbial populations to starch fermenters is that many of the ruminal bacteria are Gram 
negative and possess a high amount of lipopolysaccharides (LPS) in their membrane (Ametaj, 
2005; Berezi, 2005).  The LPS, also known as endotoxins, cause an immune response when the 
Gram negative bacteria are lysed (die) and release toxins into the bloodstream (Nagaraja et al., 
1978). 
 Macrophages react to LPS by phagocytosis and release cytokines (i.e., TNFα) and acute 
phase proteins (APP) (Ametaj, 2005; Berezi, 2005).  The APPs are secreted from hepatocytes to 
ameliorate the effects of the endotoxin.  One APP, serum amyloid A (SAA), is associated with 
lipoproteins and is responsible for recruitment of immune cells to inflammatory sites and 
enzymatic degradation and removal of endotoxins via the liver. The increase in endotoxins is 
thought to be one reason for the increased accumulation of lipids in the liver causing fatty liver 
syndrome in NEB cows due to increased fatty acid mobilization and triglyceride storage in the 
liver. Cows with fatty livers have increased incidences of metabolic diseases and conditions that 
decrease milk production, fertility rate, and overall health status (Ametaj, 2005; Ametaj et.al, 
2010). Serum concentrations of another APP, haptoglobin (Hp), increase during inflammatory 
responses and are associated with fat mobilization into the parenchymal cells of the liver during 
fatty acid oxidation (Huzzey et al., 2011). The Hp, which also is found in dairy cattle adipose 
tissue is a positive APP that increases its function during APR and functions as an antioxidant 
(decreasing the oxidative stress) for erythrocytes by binding to hemoglobin (Ametaj, 2005; 
Berezi et al., 2005; Ebdalabadi et al., 2014).  
 Immunosuppression occurs in dairy cattle with oxidative stress placing a greater need for 
antioxidants to improve immune health (Bradford, 2012).  In healthy cattle, the PMN usually 
represent 25% of the total leukocytes in the blood (Paape et al., 2003) and are the first line of 
defense during invasion of pathogens, such as in mastitis infection. The changes during bovine 
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infections may depend on stress levels and fetal membranes along with invading pathogens (Jain, 
1986). During parturition and the first few weeks after giving birth, the cow is faced with high 
concentrations of cortisol and NEFA due to parturition, milk production, and possible feed 
alterations. The stress often leads to an inflammatory response resulting in increased numbers of 
neutrophils in blood (O’Connor et al., 2000). As the inflammation progresses the neutrophil 
reserves decreases and immature (banded) neutrophils from the bone marrow are likely to enter 
into the blood, known as a left shift, which may depend on stress levels and fetal membranes 
along with invading pathogens (Jain, 1986). The inflammation associated with parturition and 
beginning of lactation often leads to increasing NEFAs and ROS, which can impair the function 
of immune cells (i.e. neutrophils), and by doing so, decrease tissue repair and removal of debris 
and bacteria from the uterus and mammary gland (Esposito et al., 2014; Krause et al., 2014). 
b. Vitamin B12 
The increase in the immune response during high endotoxin concentrations increases the 
metabolic effects that are common in the transition dairy cow.  The increase in metabolic 
response, which is thought to be induced by increasing grain diet in the transition cow, is likely 
to change the utilization of minerals, ruminal absorption, volatile fatty acid production, and pH 
(Ametaj et al., 2010; Esposito et al., 2014). The digestive function of these cows is greatly 
increased resulting in a higher demand for enzymes, responsible for breaking down the feed.  
The vitamin B complex plays a direct role in the catabolism of carbohydrates, proteins and fats 
during digestion. Vitamin B12 is required and can be synthesized by cobalt supplementation 
through ruminal microorganisms and escape of dietary sources from the rumen (Combs, 1998).  
Vitamin B12 is associated with ruminant digestion in two ways: 1) methylmalonyl-CoA mutase is 
responsible for converting methylmalonyl CoA into succinyl-CoA, Coenzyme A is then removed 
leaving succinate, which enters the Krebs cycle during the degradation of propionate and 2) 
methionine synthetase is responsible for methylating homocysteine to produce methionine by 
transferring a methyl group from 5-methyl tetrahydrofolate to homocysteine (Akins, 2013; 
Combs, 1998; Matthews, 1999).  Methionine can then be converted into S-adenosylmethionine 
(SAM) which is an important methylating intermediate in various pathways of synthesis, 
including but not limited to: 1.) converting epinephrine into metanephrine to help regulate stress 
by removing the buildup of adrenaline within the body, 2.) methylation of norepinephrine into 
epinephrine, which is regulated by corticosteroids and is involved in lipid metabolism, and 3.) 
conversion of lysine to ε-N-trimethyllysine for carnitine synthesis. Carnitine is important in 
transporting long chain fatty acids from the cytosol into the mitochondria for beta oxidation 
(Miller, 2003; Berg, 2001).           
With increasing DMI, the increased flow of ruminal fluids may lead to one or more 
vitamins becoming either unavailable due to alterations in the gastrointestinal tract not allowing 
for proper uptake and/or deficiency of the vitamin (Baird et al., 1972).  By increasing DMI, the 
concentration of B vitamin biosynthesized by rumen microbes decreases (Weiss, 2006) which, 
indicates a higher amount of the vitamin is required to maintain normal concentrations. If a 
vitamin B12 deficiency is present in the cow it is likely that methylmalonyl-CoA or homocysteine 
will increase due to inhibiting the Krebs and methionine cycles leading to a disruption of acetyl 
CoA (main energy producing substrate in the ruminant) production (Combs, 1998).Vitamin B12, 
also known as cobalamin because it consists of a cobalt atom bound within the molecule, is 
synthesized by bacteria and is rarely found in plant derivatives except for some bean plants. In 
ruminants, vitamin B12 is produced after consumption of cobalt, which allows rumen bacteria to 
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synthesize the vitamin B12. The suggested cobalt requirements for cattle through mineral 
supplementation are 0.11 mg/kg of DM (NRC, 2001). Dairy cattle are likely to have a greater 
requirement for cobalt based on optimal microbial action in the rumen and vitamin B12 
concentrations in cattle (Weiss, 2005). The increase in the DMI postpartum due to lactation 
would indicate that an increase is required to maintain vitamin B12 concentrations. Multiparous 
cows possessed lower vitamin B12 concentrations compared to primiparous cattle, and its 
concentration decreased from 30 to 120 DIM (Weiss, 2005), which is indicative of a loss in 
cobalt availability that most likely disabled vitamin B12 production. A cobalt deficiency in 
ruminants led to altered lipid metabolism by decreasing enzymatic activity of methionine 
synthase and methylmalonyl-CoA mutase and increases the plasma concentrations of 
homocysteine and methylmalonic acid (Kennedy et al., 1994; Stangl et al., 2000).    
      
A decrease in methionine synthase causes an inability to produce methionine for protein 
anabolism as well as its function as a methyl donor via SAM, which is a coenzyme for many 
methylations during chemical syntheses such as: carnitine, melatonin, 
methoxycatecholestradiols, metanephrine, protein methylation, and epinephrine (Miller, 2003; 
Berg et al., 2001).  A methylmalonyl-CoA mutase deficiency would lead to decreased conversion 
of methylmalonyl-CoA into succinyl-CoA causing a shut down in the Krebs cycle and beta 
oxidation.  A study performed by Basoglu et al. (2014) evaluated dairy cows with displaced 
abomasum (DA). The nuclear magnetic resonance (NMR) data displayed a great reduction in 
succinate in cows diagnosed with DA indicative of nutritional deficiencies. In the case of 
reduced vitamin B12 deficiencies, concentrations of methylmalonyl-CoA were elevated, which 
inhibited the carnitine shuttle of fatty acids from the cytosol into the mitochondria leading to a 
decrease or inhibition in beta oxidation from occurring in the cells.  This decrease likely leads to 
elevated free fatty acids unable to be oxidized, reduction in ATP production, and accumulation 
of free fatty acids in the liver.           
  
Determining the nutritional requirements of a lactating dairy cow is difficult due to feed 
content variations and DMI. The bioavailability of the cobalt supplement must be considered; 
using organic rather than inorganic cobalt supplementation would ideally allow for more 
adequate absorption resulting in greater vitamin B12 concentrations (DeFrain et al., 2009). 
Tiffany (2003) showed that supplementing cobalt to finishing steers decreased plasma succinate 
and increased plasma concentrations of folate and glucose. Once vitamin B12 is produced by 
ruminal microorganisms it can be absorbed by binding to intrinsic factors which are R proteins 
produced by parietal cells in the gut (Combs, 1998) or through simple diffusion. The intrinsic 
factors and vitamin B12 complex decreases the likelihood of bacterial catabolism of the vitamin 
within the gut. The intrinsic factor can bind to its receptor in the ileum. A deficiency in intrinsic 
factor could lead to decreasing the availability of vitamin B12 (Combs, 1998). Once absorption 
occurs, vitamin B12 will be transported into the blood plasma and bind to proteins known as 
transcobalamins (Combs, 1998). Specific binding of vitamin B12 and transcobalamin complex 
involves transcobalamin receptors for cellular uptake within various tissues (Combs, 1998). 
Vitamin B12 has been found in greatest concentration in the pituitary gland, but most is stored in 
the liver (Combs, 1998). The metabolic changes that a dairy cow goes through pre and 
postpartum may lead to decreased vitamin B12 concentrations or inability to utilize available 
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stores.  Of note, diets having higher rumen fermentable matter (i.e. starch based diets) promote 
synthesis of many of the B vitamins but decrease vitamin B12 production (Weiss et.al, 2010).       
Vitamin B12 plays a role in the proper functioning of lipolysis in the liver. The dairy cow 
undergoes great stress during NEB due to the high energy demands of lactation. During peak 
lactation the cow will be using 80% of available glucose to produce milk (Wathes et al., 2013), 
which causes the liver to increase beta oxidation of fatty acids. NEFA mobilization can be 
measured by blood concentrations of NEFA; whereas, the measures of beta-hydroxybutyrate 
provides an indication of fatty acid oxidation (Wathes et al., 2013). Both are important in 
understanding the overall metabolic status of the cow. These fatty acids are activated (fatty acyl 
CoA) and then carried to the mitochondria via carnitine shuttle for beta oxidation. A small 
percentage of the fatty acids (long chain fatty acids- LCFA) are carried to the peroxisomes. The 
mitochondria are responsible for converting these fatty acids into ATP for energy. When 
excessive fatty acid mobilization occurs, the mitochondria often become overloaded and produce 
reactive oxygen species (ROS), and the peroxisomes become more active alternatively producing 
hydrogen peroxide and heat (Wathes et al., 2013; Shaum et al., 2013). Excessive lipolysis 
overloads the liver and mitochondria causing lipid accumulation in these tissues likely leading to 
damage and apoptosis of the cells (Wathes et al., 2013; Shaum et al., 2013). Studies associated 
with obese women have shown that accumulation of lipids and oxidative stress in reproductive 
tissues, such as oocytes, causes a decrease in oocyte development (Shaum et al., 2013). The 
stress placed on the mitochondria during this high level of lipolysis in dairy cattle likely causes 
mitophagy, clearing of damaged mitochondria, due to shortage of nutrients and the oxidative 
stress placed on the mitochondria resulting in DNA damage and ultimate apoptosis of the 
organelle (Wathes et al., 2013).  Antioxidants convert ROS into water and cofactors, such as 
vitamin B12, facilitate beta oxidation in the mitochondria to control this oxidative stress (Wathes 
et al., 2013; Shaum et al., 2013). Over/under conditioned dairy cattle were most susceptible to 
oxidative stress from lipolysis (Wathes et al., 2013). This result supports other findings 
indicating the importance of proper diet for the cattle during the various stages of their 
production and, an increasing need for studies to determine the effects on metabolism of 
minerals, such as cobalt, a key component of vitamin B12 in feed rations. 
c. Dairy Cow Metabolism 
Supplementing a balanced diet for vitamins and minerals associated with decreasing 
metabolic diseases is crucial.  Vitamin D binding protein (DBP) assists in transport of fatty acids 
along with actin binding, macrophage activation, and binding of vitamin D (Speeckaert et al., 
2006). Vitamin D regulates absorption of calcium and phosphorus in the intestine. During the 
few weeks of late pregnancy and early postpartum, the intestinal tract is under great flow 
increases and calcium losses due to lactation, which may cause either sub-clinical or clinical 
hypocalcaemia. Decreased calcium concentrations are associated with reduced smooth muscle 
function, rumen and abomasal motility, milk production, immune response, fertility, DMI, and 
higher incidence of lameness (Kimura et al., 2011; Oetzel and Miller, 2012).  Ward et al. (1971) 
administered calcium boluses (300,000 IU) per week to cows and found that they reached estrus 
16 days earlier and the days to conceive were reduced by 37.  Cows diagnosed with a uterine 
disease had lower plasma calcium concentrations likely due to calcium being the second 
messenger of PMN activation (Martinez-Patino et al., 2011). 
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During NEB in dairy cows, fatty acids are transported into the liver and can be packaged 
into very low density lipoproteins (VLDL) and accumulate within the liver, or exported from the 
liver to other tissues for beta oxidation of triacylglycerides to form acetyl CoA to go into the 
Krebs Cycle or to ketones (β-hydroxybutyrate) (Berg, 2001; Grummer, 2008; Loor, 2010). The 
VLDL likely goes to non-vital tissues such as reproductive organs. Leroy et al. (2005) showed 
the low density lipoproteins can be found in follicular fluid. Fatty acids provide an energy source 
at the cost of lipid accumulation and possible overloading of the cell’s mitochondria resulting in 
oxidative stress to the organelles in these regions. The three main fatty acids observed in these 
dairy cows during NEB were oleic acid, palmitic acid, and stearic acid (Leroy, 2005). Fatty acid 
profiles differ between cows (higher) and heifer (lower) correlate with the lower fertility in the 
cow (Bender, 2010). Leroy et.al (2005) found that palmitic and stearic acid had negative effects 
on resumption of meiosis. Palmitic and stearic acids are common fatty acids found within the 
serum and follicular fluid of the transition dairy cow (Leroy, 2005; Bender, 2010), although the 
concentration within the two fluids differs (Bender, 2010).  Granulosal cell toxicity and the 
increase in these two fatty acids have been correlated showing reduction in function occurs 
during high concentrations of palmitic and stearic acid (Leroy et.al, 2005). The effects that fatty 
acid mobilization has on the transitioning dairy herd i.e. insulin resistance and decreasing oocyte 
quality are important because the increase in mobilization of fatty acids is a known cause of 
insulin resistance. A study by Preis et al. (2005) revealed that oocytes that were able to take up 
and utilize glucose readily had increased fertilization rates. This implicates a direct role for 
insulin sensitivity in reproductive organs.  Decreasing the NEFA concentrations during a cow’s 
transition period would likely lead her to resume successful reproductive function. Ketosis often 
occurs in cows with severe NEB and is a highly correlated to slower reproductive resumption. 
Ketotic cows have an inadequate pattern of luteinizing hormone pulses leading to delay in time 
to ovulation; as well as, less immune response associated with delayed uterine involution and 
proper cleanup via macrophages and neutrophils (Grummer, 2008; Merck Animal Health, 2012). 
The accumulation of triacylglycerides leads to hepatocyte and mitochondrial damage (Wathes et 
al., 2013) as well as, what appears to be peripheral tissue damage and metabolic alteration (Leroy 
et al., 2005). The fatty acid outcomes are important in understanding the cow’s energy status and 
reproductive health. 
Increased NEFA concentrations during pre- and postpartum are associated with increased 
activation of peroxisomes due to the overload of LCFA in the mitochondria.  This leads to 
mitochondria oxidation and decrease in ATP production versus heat production (Loor, 2010).  
Increasing LCFA can activate peroxisome proliferator-activated receptor (PPAR) isotypes; this 
nuclear receptor binds to a specific DNA sequence and has the ability to induce or repress 
expression (Bionaz et al., 2013; Loor, 2010).  The knowledge that PPAR affects ruminants has 
not been confirmed; PPAR is important to lipolysis, lipogenesis, milk fat synthesis, and 
inflammatory responses, all of which are functions associated with the transition cow (Bionaz et 
al., 2013; Loor, 2010). Up-regulation of PPAR occurs with an increase in NEFAs in the blood 
(Bionaz et al., 2013), and PPARs are abundant in high catabolic adipose tissue in non-ruminants, 
which may be similar in ruminants, indicating a role in the beta oxidation process of transition 
dairy cattle (Bionaz et al., 2013). Recent studies have shown that nutrition of the dairy cow 
affects the ability of PPAR to become activated. Dairy cows fed high energy diets during 
pregnancy tended to have decreased activated PPARs early postpartum, which may reduce the 
positive effects that PPARs play in regulating genes associated with beta oxidation and insulin 
sensitivity (Bionaz et al., 2013). Non-ruminants with restricted diets or in fasting states have 
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increased expression of PPAR activation (Bionaz et al., 2013). The direct roles that PPARs may 
play in fatty acid mobilization have not been described fully. However, the increases in PPAR 
and its known actions to decrease insulin sensitivity, promote oxidation via mitochondria and 
peroxisomes and, hence, decrease lipid accumulation, and decrease inflammatory responses from 
APR indicates a stronger demand for research in the ruminant (Bionaz et al., 2013; Loor, 2010).  
The various PPAR isotypes appear to have the ability to decrease the NEB observed in the 
transition cow due to their adaptive roles in gene regulation during the transition period.     
The liver also plays a role in insulin-like growth factor-1 (IGF-1) production via growth 
hormone (GH) and its receptor (GHR-1A) availability. During the shortage in glucose 
availability the dairy cow’s body undergoes changes to decrease glucose consumption by non-
essential tissues (Wathes et al., 2013). Insulin is responsible for glucose uptake and delivery to 
various target tissues for energy. During NEB in dairy cows, the adipocytes develop insulin 
resistance due to elevated lipid concentrations. High NEFAs in plasma cause phosphorylation of 
IRS-1 (Sinclair, 2010). Reduced insulin causes gluconeogenesis within the liver (Loor, 2010).  
Studies have shown that the lower the plasma glucose and the higher the NEFA concentrations 
the less likely a cow will either be cyclic or conceive by the first artificial insemination 
(Garverick et al., 2013). Garverick suggests that glucose and NEFA concentrations are 
coincidental with reproductive tissues undergoing involution and reinitiating cyclicity.  
d. Fertility 
The process of gluconeogenesis also causes the GH and IGF-1 axis to become uncoupled 
(loss of GHR-1A) causing suppression of IGF-1 production within the liver (Lucy, 2012). The 
uncoupling occurs due to glucocorticoids stimulating GH gene expression (O’Connor et al., 
2000). IGF-1 is an important growth factor and acts as a negative feedback regulator for GH 
(Lucy, 2012). If stress signals are maintained over a long period of time, GH will be suppressed 
due to increased somatostatins (O’Connor et al., 2000) If the GHR-1A is down-regulated, it 
causes decreases in IGF-1 production. In vitro studies have shown that the bovine embryo has 
receptors for both recombinant bovine somatotrophin (rBST), a synthetic form of bovine GH and 
IGF-1 (Izadyar, et al., 1998; Hernandez Ceron et al., 2000).  Upon adding rBST to the media, a 
greater number of embryos reached the blastocyst stage (Hernandez Ceronet al., 2000). Various 
researchers have used rBST to improve the conception rate of subfertile cows (Morales-Roura et 
al., 2001; Hernandez Ceron et al., 2000). Other in vitro work has shown that rBST accelerates 
nuclear maturation, increases cumulus expansion and promotes embryonic development 
(Kuzmina et al., 2007) as well as increased fertility rate (Izadyar et al., 1998). In lactating dairy 
cows, the concentration of GH are high compared to IGF-1 due to uncoupling, which is 
dependent on the NEB the cow is experiencing. The APR that occurs within the transition cow 
causes the increase in GH and prolactin (PRL) that is observed and results in inflammatory and 
immune responses (Berezi et al., 2005). However, in severe APR cases, these two hormones are 
suppressed and the increase in cytokine signaling and glucocorticoid production increases 
(Berezi et al., 2005; Ametaj et al., 2010). The idea is to replenish GHR within the liver to allow 
for IGF-1 production to resume and initiate transport to the reproductive target tissues.  Elevating 
the plasma insulin concentration increased hepatic expression of GHR-1A and IGF-1 mRNA 
(Butler et al., 2003). When associated with reproductive tissues, IGF-1 stimulated the 
development of ovarian follicles (Butler, 2012). The developing follicles are dependent on 
insulin, GH, and IGF-1 for full maturation (Butler, 2012). The effects of fatty acid accumulation 
and ketone formation can cause a delay in the release of luteinizing hormone (LH) and follicle 
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stimulating hormone (FSH), which are required to initiate proper follicle development and 
ovulation (Butler, 2012). When cows are under stress (high glucocorticoids) reproductive 
functions are suppressed by inhibiting GnRH secretion and proper functioning of the gonads 
(O’Connor et al., 2000).  
The reduction in fertility of dairy cattle has been associated with genetic selection for 
milk yield rather than fertility. Khatib et al (2009) found specific genotypes portraying 
antagonistic roles between the two traits. Milk production is negatively correlated with 
conception to artificial insemination in lactating cows during high energy expenditure (Demetrio 
et al., 2007). Epigenetics focuses on inheritance of divergent gene expression without altering the 
DNA sequence (Kropp et al., 2014). Each parent is a factor in determining the gene expression 
of the embryo and it has been shown that reduction in metabolic status decreases embryonic 
development (Demetrio et al., 2007; Ramalho-Santos et al.,2009; Kropp et al., 2014). The 
importance of oocyte competence, fertilization, and ability to successfully divide through 
blastocyst stage are some of the many steps to successful embryonic development. For successful 
attachment and pregnancy the conceptus has to be able to release interferon tau (IFNτ) prior to 
attaching to the endometrium of the uterus via caruncles attaching to the epitheliochorial 
placenta of trophoblast (Bauersachs and Wolf, 2013). The IFNτ assists in maintaining the corpus 
luteum (CL) which is responsible for the production of the pregnancy hormone, progesterone 
(P4). In a non-pregnant cow, P4 is responsible for priming the hypothalamus to initiate estrogen 
(E2) release, which is important for the cow to show proper estrus. If concentrations of P4 are 
low, the dominant follicle might persist, which is often the case in dairy cows (Inskeep and 
Dailey, 2005). In a pregnant cow, maintaining high P4 is important to limit the release of 
prostaglandin F2α (PGF2α), which causes luteolysis and embryonic mortality (Inskeep and 
Dailey, 2005). As feed intake increases a reduction in P4 is observed so as high producing cattle 
are eating more, concentrations of P4 are likely to decline post-breeding due to increased liver 
blood flow (Vasconcelos et al., 2003; Inskeep and Dailey, 2005). Thus, the metabolic status of 
the dairy cow influences pregnancy success.  
The above criteria indicate conditions leading to subfertility in today’s dairy herd. The 
overall reproductive health status of these cows has been overlooked for many generations and as 
a result 80-90% of oocytes are fertilized, but by day 45 only approximately 40% survived 
(Sreenan et al., 2001). Two critical time periods in embryonic development are thought to be 
days 5 to 8 and days 30 to 36. The embryonic development from days 5-8 consists of morula to 
blastocyst stage and during this time the embryo is transferred to the uterus (Inskeep and Dailey, 
2005).  The development of placentomes occurs on days 30 to 40, and the attachment of embryo 
is designated around day 30 (Inskeep and Dailey, 2005). If the embryo has the capacity to signal 
to its mother through release of IFN τ derived from the trophoblast (days 14-17) to maintain the 
pregnancy and can have successful attachment; the pregnancy is typically maintained (Inskeep 
and Dailey, 2005). Placing great emphasis on early postpartum cows and their resumption to 
cyclicity is important to decrease number of cows culled. The typical dairy cow is not being 
successfully bred back until past 100 days in milk (DIM). Reducing the NEB associated with the 
dairy herds today will likely allow for proper IGF-1 production in the liver and its transport to 
target tissues along with appropriate concentrations of GH, allowing for cyclicity to resume and 
embryonic development to occur.  If such things as cofactors (i.e. vitamin B12 or cobalt) 
supplementation can be used to decrease the duration of NEB, the cow might remain in the dairy 
herd by reaching cyclicity earlier postpartum and decreasing her calving intervals. This would 
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decrease the cost to the dairy farmer due to increased milk yields and possessing the cows longer 
thus reducing the costs of heifer upbringing, as well as, decreasing the amount of dry off period 
before resumption of calving and lactation.  
The stress of lactation may impose negative effects on the cow’s metabolism, 
hematology, immune system, and reproductive function. The negative effects are likely from 
many factors that decrease overall health of the dairy cow, such as nutritional deficiencies, 
severe body weight loss, and improper liver function (overloaded due to increased lipolysis and 
lactation causing greater hepatic clearance of hormones). These negative effects are likely 
associated with decreased oocyte competence, in turn affecting the reproductive capacity of the 
cow through inadequate hormone signaling enabling embryonic death.  The goal of this study 
was to determine whether factors such as BCS (categorized as lean, moderate, and over-
conditioned), parity, hematologic profiles, milk production, disease, and concentrations of Hp 
were indicators of reproductive success. 
 
II. INTRODUCTION 
 The dairy cattle industry has changed dramatically over the past 30 years. The average 
milk yield in 1980 was 8,028 kg/year, whereas in 2012, dairy cows were producing an average of 
12,342 kg/year (USDA, 2014). These changes are associated with genetic selection for milk 
quality and production causing a greater alteration in the animals’ physiology and its ability to 
compensate for increasing lactation. 
The lactating dairy cow experiences a NEB upon calving due to decreased DMI 
associated with the stress of calving and increased glucose expenditure by the mammary gland. 
The postpartum dairy cow is faced with low glucose availability, causing her to undergo various 
metabolic changes to overcome this deficit (stress). Low energy status stimulates the release of 
ACTH from anterior pituitary (Berg et al., 2001; Uchoa et al., 2014). The ACTH stimulates 
production of GC and also GH, which allow for increased glucose availability via lipid 
mobilization and lipid and amino acid breakdown for energy (Butler, 2012; Berg et al., 2001; 
O’Connor et al., 2000; Uchoa et al., 2014). 
Ketosis often occurs in cows with severe NEB and is highly correlated to slower 
resumption of reproductive function.  When ketosis occurs, the LH pulse frequency is inadequate 
leading to a delay in ovulation time (Butler, 2012). A ketotic cow has less immune response 
associated with delayed uterine involution and proper cleanup postpartum via macrophages and 
neutrophils (Merck Animal Health, 2012). The immune suppression of dairy cattle decreases 
their ability to fight off infections and is associated with declined pregnancy success. A ketotic 
cow is more susceptible to diseases such as endometritis and retained placenta (Merck Animal 
Health, 2012). The fatty acid outcomes are important in understanding the cow’s energy status 
and reproductive health.  The accumulation of triacylglycerides leads to hepatocyte and 
mitochondrial damage (Wathes et al., 2013), as well as peripheral tissue damage and metabolic 
alterations due to increased oxidative stress within these tissues.     
 Polymorphonuclear neutrophils are the first line of defense during a pathogenic invasion; 
they are normally 25% of total leukocyte count (Paape et al., 2003). In the case of invasion and 
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inflammation, an influx of neutrophils may be observed and in extreme cases, immature 
neutrophils will be released from the bone marrow known as a left shift (Jain, 1986; Paape et al., 
2003). The neutrophilic response to foreign material is to eliminate it through oxidative burst 
activity (Paape et al., 2003; Hammon et al., 2006; Galvao, 2012). Cattle with increasing 
concentrations of NEFA appear to have reduced neutrophilic oxidative burst activity (Hammon 
et al., 2006).  
Glucocorticoids increase concentrations of neutrophils, as well as reduce the synthesis of 
prostaglandins (O’Connor et al., 2000). The transition dairy cow undergoes an acute phase 
response during this stressful time period.  Changes in the cow’s physiology include but are not 
limited to inflammation, fever and suppression of appetite.  The acute phase response is under 
the control of various cytokines, used for signaling that are often produced by macrophages 
(defense mechanism).  The immune system begins to increase the release of cytokines such as 
TNFα causing an inflammatory response, insulin resistance (via phosphorylation of IRS-1), and 
stimulation of CRH from the hypothalamus (Beitz, 2014; Combs, 1998; Uchoa et al., 2014). 
When TNFα is secreted, an immune response is initiated, causing great amounts of glucose, 
amino acids, and adipose tissue to be used as energy sources (Beitz, 2014). The TNFα is 
associated with causing lipolysis, cellular apoptosis and necrosis (Beitz, 2014).  
Release of CRH leads to the increased synthesis of cortisol and other glucocorticoids that 
reduce reproductive function (Squires, 2003; Berezi et al., 2005) while enhancing glucose 
production through gluconeogenesis and lipolysis of triglycerides. Cortisol is released during 
times of stress and low concentrations of glucocorticoids (Combs, 1998). Cortisol is responsible 
for metabolism of proteins, fats and carbohydrates via breaking down sugars from the body’s 
storage reservoirs (triglycerides and glycogen) in times of low blood sugar (Combs, 1998). It 
plays a role in onset of lactation in addition to its relationship with glucose uptake in mammary 
tissue (Tucker, 2000).  This is an important mechanism for a dairy cow during the last three 
weeks prepartum and first 100 days postpartum due to her inability to maintain sufficient glucose 
for lactation and body weight regulation as observed through monitoring BCS.  Dairy cattle in 
high stress have increased glucocorticoids, which can lead to suppressed effects on IGF-1 despite 
increased GH secretion (O’Connor et al., 2000; Lucy, 2012). Glucocorticoids initiate 
gluconeogenesis, which also causes the GH and IGF-1 axis to become uncoupled loss of GHR-
1A and causes suppression of IGF-1 production within the liver (Lucy, 2012).  IGF-1 is an 
important growth factor that acts as a negative feedback regulator for GH (Lucy, 2012). The 
functions of IGF-1 include cell proliferation and as an anti-apoptotic factor. A reduction of IGF-
1 concentrations is seen during a fasting state. If the GHR-1A is down regulated it causes the 
decrease in IGF-1 production. IGF-1 is important for gonadotropin responsiveness of ovarian 
follicles for maturation, as reviewed by Butler (2012).  
The reduction in fertility of dairy cattle has been associated with genetic selection for 
milk yield rather than fertility. Khatib et al. (2009) found specific genotypes portraying 
antagonistic roles between the two traits. There is a negative correlation between milk production 
and conception rate to artificial insemination of lactating cows during high energy expenditure 
(Demetrio et al., 2007).  
Epigenetics focuses on inheritance of divergent gene expression without altering the 
DNA sequence (Kropp et al., 2014). Each parent is a factor in determining the gene expression 
of the embryo and reduction in metabolic status decreases embryonic development (Demetrio et 
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al., 2007; Ramalho-Santos et al., 2009; Kropp et al., 2014). Oocyte competence, fertilization, and 
ability to successfully divide through blastocyst stage are some of the many steps to successful 
embryonic development (Kropp et al., 2014).  
For a successful attachment and pregnancy, the trophoblast of the conceptus has to be 
able to release IFNτ prior to attaching to the endometrium of the uterus. Attachment occurs when 
fetal cotyledons attach to maternal caruncles to form the epitheliochorial placenta (Bauersachs 
and Wolf, 2013). The IFNτ assists in maintaining the CL, which is responsible for the production 
of the pregnancy hormone, P4. In a non-pregnant cow, P4 primes the hypothalamus to respond to 
ovarian estrogen (E2), which is important for the cow to show proper estrus. If P4 is low, it can 
lead to persistence of the dominant follicle, in lactating dairy cows (Inskeep and Dailey, 2005).  
In a pregnant cow, maintaining high P4 is important to prevent embryonic mortality (Inskeep and 
Dailey, 2005).  It is important to note that as feed intake increases a reduction in P4 is observed 
due to increased liver blood flow associated with lactation (Vasconcelos et al., 2003). The above 
variables are influenced by the metabolic status of the dairy cow and; influencing pregnancy.  
In this study, blood profiles were developed in lean, moderate, and over-conditioned 
cattle during the pre- and postpartum periods to determine if subsequent reproductive success 
was associated with changes in body condition score and health throughout as determined by 
veterinary diagnosis or hematological measures: hematocrit, white blood cell count, and Hp. 
Breeding method, parity, and milk production also were examined for association with 
reproductive success. Reproductive success was considered as confirmed pregnancy, while 
failure was either no conception to first artificial insemination or no insemination by decision of 
herd manager or being sold or dying. 
 
III. MATERIALS AND METHODS 
The experiment was conducted between August 2013 and May 2014 on a commercial 
dairy farm
1
 that milks three (3x) times daily at 0600, 1400, and 2200 hours, approximately 700 
Holstein Friesian cows maintained in free stall barns yearly. The cattle were dried off for 60 days 
before expected calving. At the start date in August, the 72 cows that were approaching 45 days 
until expected parturition were enrolled in the experiment without any consideration for the 
animal’s milking ability, lactation number, age, etc. Animals in the dry period of their 1 to 7 
lactation (x = 2.5) and were 2 to 8 years of age (x = 3.6) at the onset of the experiment. 
Blood samples were taken with a 20 gauge needle by venipuncture of the caudal tail vein 
before morning feeding (0700) beginning 45 days prior to expected calving date (-45d) and then 
at +1, +4, and +20 to 26 days after calving for each cow. Blood samples were taken (0500-0800) 
after morning milking on 26-32d after the first artificial insemination. Samples were collected 
into EDTA vacutainer tubes and placed on ice. Hematocrits were determined, and plasma was 
harvested after centrifugation and snap-frozen in liquid nitrogen for transportation and then 
storage at -80
o
C in the laboratory.  
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Body condition score (BCS) was assessed by two investigators and averaged using a five 
point scale (Ferguson et al., 1994) at -45, -30, -15, -7, 1, 4, 21, 35, and 49 d. At -30 d, cows were 
assigned into categories of lean (BCS ≤ 3.25), moderate (BCS > 3.25-3.75) or over-conditioned 
(BCS ≥ 3.75). The BCS at 26 to 32 d after insemination was determined by one investigator. 
a. Milk Production and Health Summaries 
 Milk data were collected from PCDart (DRMS, Raleigh, NC) for each cow through 60 
DIM. The herd veterinarian performed routine examination of cows, and the health status (Table 
1) of each cow was recorded from -45 d through the cow’s first pregnancy examination (PC) or 
the time that she was culled from the herd. Whole blood cell counts were performed using a 
Beckman Coulter Counter Z series (Hialeah, FL). Blood smears were used to determine 
differential white blood cell counts at each time point. A bovine Hp assay (Life Diagnostics, 
West Chester, PA) was performed on samples from 64 cows at the routine pre-breeding 
examination (20-26 d). 
  
 























Total Disease Occurrence 71
Culled or Deceased 9
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b. Feed Sample Analysis 
Feed samples were collected for near infrared (NIR) analysis from the recently calved 
(fresh) and close-up groups. The feed samples were analyzed using NIR 1 (Cumberland Valley 
Analytical Services, Hagerstown, MD; Table 2)
2
. The cobalt supplementation used during this 
study for all diet groups was 1.64 ppm.  
 
 
Table 2. Feed sample analysis for far-off, close-up, and lactating groups. 
c. Reproductive Measurements 
The cattle were palpated per rectum routinely by the veterinarian
3
 for presence of ovarian 
follicles or CL and monitored for estrus. Records were kept for all reproductive measures and 
synchronization of ovulation (Ovsynch) protocol used for breeding. Each cow had her uterus 
“raked” manually and received an injection of a prostaglandin F2-alpha (PGF2-α) analogue 
(Estrumate© Intervet/Merck Animal Health Summit, NJ) at (20-26 d) after calving. A pre-
synchronization (Pre-synch) process began on d 35 and was followed by the Ovsynch program 
beginning on d 49.  One technician used tail chalk as an estrous detection aid and routinely 
checked the herd four times daily for external signs of estrus. The same technician artificially 
inseminated the cattle 12 h after they were first detected in estrus or used timed insemination (48 
hours after the second Estrumate injection) if the animal had not shown estrus. Pregnancy 
diagnosis was made ultrasonically by the herd veterinarian at 26 to 32 d post-insemination. For 
statistical purposes the conception rate was calculated first. The pregnancy success was then 
analyzed using all cows present at the prepartum period. This included cows that may have been 
culled or deceased after parturition and were recorded as non-pregnant for analysis purposes. 
d. Statistical Analyses 
 For analysis, cattle were grouped by BCS (range 2.375 to 4.5) at -30 d prepartum into 
lean (2.375 to ≤ 3.25), moderate (>3.25 to 3.75), and over-conditioned (≥ 3.75 to 4.25) 
categories. The health status was amalgamated into metabolic, reproductive, hoof/limb or healthy 
categories at four time periods: prepartum (-45 d) to parturition, early postpartum (d 0 to 10), 
pre-breeding and post-breeding.  
Time classes were used to determine if there were time points associated with a cow’s 
reproductive success (reproductively fit and became pregnant from first artificial insemination). 
A “Proc mixed autoregressive correlation matrix” using repeated measure ANOVA was used to 
compare BCS category, day and BCS category by day interaction. A Chi-Square contingency 
analysis was performed on pregnancy success including culled/deceased (culled or deceased 
were classified as inadequately meeting requirements for fertility therefore, identified as non-
                                                          
2
 Nutrition consulting was provided through Renaissance Nutrition Roaring Springs, PA. 
3
 Herd veterinary services were through White Oak Veterinary Clinic Berlin, PA by the same experienced 
veterinarian. 
Diet Dry Matter Crude Protein (%DM) Adjusted Protein (%DM) ADF (%DM) Crude Fat (%DM) Ash (%DM) NEl NEm NFC NSC 
Far-Off 49.1 11.55 10.7375 32.7 3.22375 7.33375 0.65375 0.64125 30.4 19.6625
Close-Up 49.01666667 12.3 11.43333333 31.58333333 3.083333333 7.36833333 0.66333 0.65333 36.0167 20.7
Lactating 47.38333333 16.45 16.45 21.36666667 4.356666667 7.41666667 0.75667 0.775 41.5333 30.4667
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pregnant cows) for effects of BCS category and first breeding by BCS category. The second 
breeding DIM was not normally distributed, even after log transformation, so the nonparametric 
Kruskal- Wallis test was used. A “Proc mixed repeated measures ANOVA” was used to analyze 
hematocrit for effects of time and BCS. Haptoglobin was analyzed for bivariate fit of log(base 10) 
transformation of Hp by hematocrit and by milk average (d 20 -26) for pre-breeding. An 
ANOVA of log transformation of Hp by BCS category and by time (pre-breeding) was 
performed. A logistic fit of pregnancy by log transformation of Hp and a contingency analysis of 
pregnancy by Hp and category were analyzed. A binary logit using log of odds ratio was used for 
high Hp and high milk interaction. An autoregressive repeated measure ANOVA was used to 
analyze white blood cells by time and category. The least square means were placed on log scale 
and values that equaled zero used the formula as follows: ln*[(monocytes/1120556.1) +0.2], 
ln*[(segmented neutrophils/1228374.4) + 0.2], and ln*[(eosinophils/540963.4) +0.2]. Basophils 
were not normally distributed and excluded from the analysis. 
IV. RESULTS 
a. Body Condition Score 
 The BCS varied with main effects of category and day, as well as a day by category 
interaction. Over-conditioned cows maintained a higher BCS throughout; all categories lost BCS 
from prepartum (p < 0.0001); and the interaction among the cows occurred due to each category 
increasing BCS at the post-conception time (Figure 1). There were significant changes in pattern 
of body condition between pre and postpartum time points for each category (p = 0.0001; Figure 
1), as well as within each category (p = 0.001; Figure 2). When comparing d -30 to pre-breeding 
time point (Figure 2), the greatest loss in BCS for lean group was 0.9, whereas in over-
conditioned cows, the greatest BCS loss was 1.3 on the (1-5 scale using 0.25 increments), 
indicating the amount of loss varied among categories. Cattle body condition losses were highest 
in the over-conditioned when compared to the other two categories from d -30 to pregnancy 
check, mean 95 d postpartum (p = 0.0001). All cows were losing BCS at d 4 and therefore, no 
significance was found at this time point. There were significant differences in BCS loss between 
over-conditioned cows versus lean and moderate cows (p-value = 0.001) from d -30 to d 4 and to 




Figure 1. Least square means body condition score (BCS) means (±SE) at various time-points 
for cows categorized as lean, moderate, or over-conditioned 45 days prepartum through 
pregnancy 
 
Figure 2. Comparison of BCS loss between d -30 prepartum and d 21 to 26 (pre-breed) 
postpartum within lean, moderate, and over-conditioned cows (p = 0.0001). 
b. Health Status 
 Of the 72 cows enrolled in the study, one cow was excluded due to insufficient samples. 
For statistical purposes the health disorders were placed into six categories: metabolic, 
reproductive, mammary, structural, infection, and deceased or culled (Table 1). Documented 
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diseases occurred in 42 cows over the length of the study. Of the 71 incidences of diseases, 15 
cows had 2 to 9 diseases at one or more time points including disease reoccurrences or new 
disease diagnoses. Of the cows with metabolic diseases such as ketosis, 2/3 were over-
conditioned and 1/3 were lean. The distribution of cattle with digestive disturbances were 8/15 
over-conditioned, 2/15 moderate, and 5/15 lean. Because of the low frequency for a specific 
disease, cows were classified as diseased or healthy for further analyses. Prevalence of disease at 
any time (lean 28.6%, moderate 33.3%, and over-conditioned 38.1%) was not associated with 
prepartum BCS. The distribution of diseases over time showed that prepartum cattle were 
relatively healthy (10% diseased) and that during the first 10 d postpartum disease frequency 
increased to 30% at which it remained for the pre-breeding (31%) and post-breeding (31%) 
periods. Nine cows distributed uniformly across all BCS categories either were culled or died. 
There was an effect of disease on pregnancy success during the first 10 d following parturition 
(Figure 3) and at the pre-breeding time (20 to 26 d; Figure 4). 
 
Figure 3. Mosaic plot of contingency analysis of pregnancy status by first 10 D following 





Figure 4. Mosaic plot of contingency analysis of pregnancy status by pre-breeding time (20 to 26 
d) all cows included for disease prevalence (0 = no disease, 1 = diseased) (p =  <0.0001)  
When looking at effects of parity overall health and disease, risk of disease increased (p = 
0.01) Figure 5) as number of lactations increased by lactation 5 all cows developed at least one 
disease. Parity affected disease prevalence (p = 0.01) at 10 d postpartum but not prepartum. The 
pre-breeding time showed a trend when all cattle (culled and deceased) were used in analysis 
such that number, as of lactations increased the incidences of diseases tended to increase. When 
all cows were included in the analysis, frequency of disease occurring post-breeding was related 




Figure 5. Contingency analysis of overall frequency of occurrences of disease (0= healthy, 1= 
diseased) at any time as affected by parity (X
2
 = 0.0111 p = 0.01). 
 Hematocrit differed with day (p = 0.0001) but was not affected significantly by BCS or 
the interaction of BCS with time. The hematocrit declined in all groups to a nadir at d 20-26 and 






Figure 6. Hematocrits at prepartum (d -45), early postpartum (d 0 to 7), pre-breeding (d 20 to 
26), and pregnancy check (26 to 32 days after insemination, mean = 95 days postpartum) (p = 
0.0001). 
The leukocyte counts had a main effect of day for monocytes (p = 0.0001), banded 
neutrophils (p = 0.007), segmented neutrophils (p = 0.0007), total neutrophils (p = 0.001), and 
eosinophils (p = 0.0001), but not for counts of lymphocytes. There was no significant difference 
in BCS category or BCS category by day (Figure 7); therefore, the mean for each group was 
calculated for each leukocyte at the different time points (Figure 8 and Table 3). Excluding the 
lymphocytes, numbers of neutrophils and monocytes increased while numbers of eosinophils 
decreased from prepartum to d 0 to 7. Numbers of total neutrophils recovered by d 20 to 26; 
numbers of monocytes returned to normal by d 26- 32 PC; while numbers of eosinophils 




Figure 7. Repeated measures ANOVA of mean leukocyte cell counts (10^
6 
per mL) by BCS 
category (lean, moderate, and over-conditioned) for prepartum (d - 45), early postpartum (d 0 to 
7), pre-breed (d 20 to 26), and pregnancy check (26 to 32 d after insemination, mean = 95 d 
postpartum) (no significance, p = 0.7043). 
 
Figure 8. Repeated measures ANOVA of mean leukocyte counts (10^6 per mL) for prepartum (d -
45), early postpartum (d 0 to 7), pre-breeding (d 20 to 26), and pregnancy check (26 to 32 d after 
insemination, mean = 95 d postpartum) (p-values displayed in Table 3). 




Table 3. Tukey-Kramer analysis of differences of least square means p-values for the differing 
time points [1 = prepartum (d -45), 2 = early postpartum (d 0 to 7), 3 = pre-breed (d 20 to 26), 
and 4 = pregnancy check (26 to 32 post insemination)]. 
 Haptoglobin analysis included 64 cows at the pre-breeding period (d 20 to 26). The log 
concentration of Hp was affected by milk average during pre-breeding (p = 0.01; Figure 9) but 
not hematocrit or BCS category. 
 
Figure 9. Polynomial Fit (^3) log of Hp on d 20 to 26 by milk (kg/day) (The different shapes 
represent different quadrants (p = 0.01). Mean of lnHp is 3.9 and mean milk is 42.67 kg/day. 
c. Pregnancy 
 The mean day for first insemination was 69 DIM and was not affected by BCS category. 
The second breeding time for cattle that did not conceive to first artificial insemination was not 
affected by BCS category and was not normally distributed showing a division into two groups 
of cattle being bred a second time on average at 77 and 115 DIM (Figure 10). The method of 
Time Point Lymphocytes Monocytes Total Neutrophils Eosinophils
1 vs 2 0.9 <0.0001 0.0005 <0.0001
1 vs 3 1 0.004 0.8 <0.0001
1 vs 4 0.4 0.7 0.6 0.04
2 vs 3 0.8 0.05 0.001 0.5
2 vs 4 0.1 <0.0001 0.006 0.002
3 vs 4 0.4 0.02 0.8 0.04
P-Values
Orange rectangles= high Hp/low milk 
Green circles = high Hp/high milk 
Blue triangles= low Hp/low milk 
Purple squares= low Hp/high milk 
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breeding was classified as after heat detection (including any of the following indices – 
veterinarian, standing, riding, mucus, OvSynch with signs, nervous-etc., drop in milk production, 
and chalk rub) or OvSynch without signs of heat. Although not significantly different, a 10 
percentage point increase in pregnancies occurred in cows showing estrus. 
  
                                    
Figure 10. Distributions for second breeding DIM analysis using a nonparametric method 
(Kruskal-Wallis test). 
 
The pregnancy status was analyzed for 71 cows (including culled/ deceased classified as 
not pregnant). The conception rate was 35% (23/65) for the cows that were presented for 
breeding and pregnancy rate of 36.6% (26/71); however, 3 aborted between 32 to 46 d post-
insemination, which is approximately a 9% loss, and those were recorded as failures (23/71 = 
32.4%). Neither BCS nor hematocrit at any time point significantly affected pregnancy status. 
The contingency analysis of pregnancy (all cows) by group in milk and contingency analysis of 
pregnancy of all cows by BCS group and by Hp (above or below average) and level of milk 
production (above or below average) was significant (p = 0.0003, Figure 11). Relative rankings 
for pregnancy rates were high Hp/ high milk (66.67%) > lowHp/ low milk (38.46%) > low Hp/ 
high milk (25%)> high Hp/ low milk (6.67%). The odds ratio was analyzed for the high 
haptoglobin/high milk and found that dairy cattle with both variables at pre-breeding are 52 














Figure 11. Contingency analysis of pregnancy percentage by concentrations of haptoglobin and 
average milk production (d 20 to 26; p = 0.0003). 
V. DISCUSSION 
 The study was performed on a commercial dairy that focuses on good management 
practices. The importance of this kind of study is that the data may be related more easily to 
other dairy farms in the United States than data from institutional research herds. The design of 
the study aimed to minimize unnecessary animal handling or stress. All cattle were treated the 
same and received the same ration and water. Blood sampling often was done in free stalls 
without further handling. Diseases were documented, and standard treatments were 
implemented.  
Prepartum BCS had no effect on predicting pregnancy success. This finding is 
contradictory to Cardeso et al. (2013) who observed thin versus fat cows at – 4 weeks prepartum 
had a longer interval to pregnancy. The relative changes in BCS also had no association with 
reproductive success. In contrast, Domecq et al. (1997) found that conception rate was reduced 
when cattle lose 0.4 unit of BCS after parturition, and Tamadon et al. (2011) found cows losing 
≥0.5 unit BCS at third week postpartum showed CL activity later than those cows losing less 
BCS during the same interval. In the current study cows were showing signs of ovulation (clear 
membrane discharge and standing estrus) at 20 to 26 days postpartum. Because BCS loss did not 
have an effect and the cows were showing cyclicity, the dairy either had a better nutritional plan 
or the cattle likely were less stressed than in other studies. The BCS losses were greater in the 
over-conditioned cattle, but, with respect to fat deposition, over-conditioned cattle would be 
more apt to remove adipose tissue from reserves.  
There was no change in BCS from d 21 to 49 postpartum. This indicates no gain in fat 
deposition and only maintenance of body condition at this time (i.e. NEB continues through this 
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time). The BCS losses began at d 4 and were maintained from d 21 to 49; thus the total mixed 
ration (TMR) was adequate for maintaining condition, but did not allow for gain during high 
lactation. At this time the cow would be described as in NEB. Liver function would be increasing 
to provide for gluconeogenesis and fat catabolism, so there would be concern for development of 
metabolic diseases. Glucose would be lowered further emphasizing the importance of having a 
TMR with high energy composition and sufficient mineral mixtures to decrease complications 
associated with high ruminal flow (decreased absorption of minerals and antioxidants).   
The cow’s ability to utilize the TMR components was important to assist her in remaining 
healthy. The TMR ration contained a higher percentage of cobalt, the mineral required for 
vitamin B12 synthesis within the rumen, than required. The implications of adding a mineral that 
does not show a high risk of toxicity in greater amounts than the NRC recommendations may 
have value to the herd. Catabolism of fats into acetyl Co-A and propionyl CoA (main fatty acid 
used in ruminants) is one of the key events during NEB. Vitamin B12 is associated directly with 
converting propionate to succinate, which then goes into the Krebs cycle for energy production 
(Berg et al., 2001). This is just one instance of the importance in properly balancing the TMR for 
the lactating dairy cow. Rations should include the proper mineral supplementation and energy 
components to maximize production and to minimize depletion of the body reserves, which 
causes insulin resistance due to increased lipolysis and the metabolic diseases associated with it 
(milk fever, ketosis, fatty liver). Low energy availability reduces ovarian activity via insufficient 
IGF-1 being present in reproductive organs (Butler, 2012). Tamodon et al. (2011) found lower 
IGF-1 in cows losing BCS. The effects of increased lipid accumulation and ketone formation 
reduce release of LH because GnRH secretion is inhibited when the cow has high concentrations 
of glucocorticoids. Thus, the gonads would not function adequately (Butler, 2012; O’Connor et 
al., 2000; Wathes et al., 2013).   
Cows were either completely healthy or developed some form of disease (clinical or 
subclinical) after parturition. Diseases affected pregnancy status if the disease occurred during 
the first 10 days following parturition through the pre-breeding period, when no cows with a 
disease became pregnant by 95 d. The diseases that developed after breeding did not affect the 
pregnancy status, which is consistent with a study performed on effects of mastitis on 
reproduction in Jersey cows (Barker et al., 1998) in which they found no effect of mastitis after a 
confirmed pregnancy on reproductive performance.  This result indicates that the conceptus is 
able to maintain pregnancy once it has attached to the endometrium. Likely, some cows 
conceived and then lost the embryo and were never diagnosed as pregnant. However, embryonic 
loss prior to day 26 to 32 post breeding could not be estimated in this study. The three total 
losses in this study were based on later abortions (3/71 or ~9% loss). The later the embryonic 
loss the higher the economic loss due to increased intervals to re-breeding.  
Intervals to second breeding were not normally distributed. The separation of second 
breeding DIM into two groups involved 41 cows bred and not diagnosed as pregnant. According 
to PCDart, the DoVan farm had a heat detection of 72%, a pregnancy rate of 34%, and a calving 
interval of 394 days. Thus the AI technician was not missing heats too often; instead embryonic 
death may have occurred and heat had not been detected by the time of palpation (26 to 32 d 
post-insemination in the group with a mean of 115 DIM (46 d after first insemination).The 
method of breeding using OvSynch® may explain the detected estruses at 77 DIM, an average of 
8 d after breeding. Some of the early estruses may have occurred within a few days after timed 
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insemination, because the cows had not ovulated in response to the GnRH, but ovulated naturally 
a few days later. The OvSynch protocol consists of injecting exogenous GnRH, a hormone 
typically secreted by the hypothalamus that is responsible for the LH surge. Estrogen is normally 
responsible for triggering that surge and for setting up P4 receptors in preparation for increasing 
P4 concentrations from the CL to set normal timing of the luteal phase. If the exogenous GnRH is 
given before luteal regression is complete and P4 in a cow is too high, the uterus is exposed to 
minimal E2, and there may be too few P4 receptors in the uterus, so that secretion of PGF2α 
occurs too early, regressing the new CL and causing embryo loss (Inskeep, 2004). Proper timing 
and sequence of hormone secretions is essential for the optimal embryo development and 
maturity. Still a third, but less likely alternative for a short interval, would be lack of regression 
of the previous CL, in which case any newly formed CL would regress along with the original 
CL (Inskeep et al., 1963).   
 
It is important that GnRH be given at the proper time relative to follicular development in 
the cow, otherwise it may cause ovulation of an immature oocyte, which can lead to either early 
or late embryonic death. Those occurring early should lead to normal cycles, whereas those 
occurring later would fit into the 46 day interval (Perry et al., 2005). 
 Parity plays a large role in the incidences of disease in cattle. This study found the greater 
the parity the more likely for a disease occurrence, which also was observed by Bonneville-
Hebert et al., (2011). The data indicate that younger cows were able to recover faster and were 
not as likely to develop health disorders. In this study, all 3 cows in their 5
th
 lactation developed 
a disease, and only one became pregnant. In addition, those cows in their 5
th
 lactation were 
clearly selected for their longevity in the herd due to either high milk yields or less frequency of 
disease compared to other cattle that were culled or not considered for rebreeding because cows 
with increasing parity are at an increased risk of being sub-fertile, diseased, or deceased. This is 
a complicated matter due to the amount of time and money spent raising a heifer and then 
acknowledging that she is likely to have departed before reaching her 5
th
 lactation. This 
circumstance is detrimental to the farm business and the overall health of that animal is clearly 
compromised. 
 Hematocrit varied with a main effect by time but not by BCS category. The pre-breeding 
time point showed a reduction in hematocrit relative to all other times. Ruginosu et al. (2010) 
found hematocrit concentrations were reduced from early stage lactation to late stage lactation in 
healthy cows. Normal hematocrit values of cattle range from 24 to 46% (Jain et al., 1986), and 
the range of hematocrit values in this study were 25.1 to 37.1% with the highest hematocrit at 
early prepartum (0 to 7 d). Another study measured packed cell volume and found higher values 
at parturition and decreasing measurements by day 1 postpartum (Klinkon and Zadnik, 1999). 
However, they did not follow hematocrit values past d 4. Hence, hematocrit is likely decreasing 
during at least the first three weeks following parturition and begins to increase by a cow’s 
pregnancy check. Average breeding was 69 DIM and pregnancy check was 26 to 32 d following 
breeding, which indicates that hematocrit had increased by 95 DIM. The reduction in hematocrit 
may be indicative of vitamin or mineral deficiency (possibly insufficient metabolic utilization of 
the vitamins or minerals), high white blood cell counts and low red blood cell count (anemia), or 
another stress associated with the blood.  
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Pregnancy rate was related to the interaction between Hp measurements at pre-breeding 
(20 to 26 d) and milk yield. Haptoglobin is an APP that is increased during infection and 
inflammation associated with an APR (Huzzey et al., 2011) and is an indicator of lysis of red 
blood cells. If red blood cells are being destroyed rapidly, then Hp binds the free hemoglobin and 
concentration of Hp is reduced; whereas, the opposite is true in cases of red blood cell or 
maintenance of normal red blood cell values without increased hemolysis (normal Hp 
concentrations; Jain, 1986). Increasing concentrations of glucocorticoids, infection, or 
inflammation cause elevated Hp concentrations (Jain, 1986). Because no relationship was found 
between hematocrit and Hp at pre-breeding, some cows could be forming an inflammatory 
response (high Hp) to milk production and could be more capable of maintaining a greater 
immune response. The prebreeding time is important because uterine involution is occurring and 
the cow is experiencing negative effects of lactation. The APP would be expected to be elevated 
in cattle that were diseased and maintained at basal values in those that were healthy. The trend 
observed at pre-breeding in this study is that cows that were diseased were not pregnant, as seen 
in the high haptoglobin, low milk group. The interesting part is that the highest pregnancy rate 
was found in the cows with high Hp and high milk, two variables that would portend suppression 
in a cow’s fertility. Haptoglobin may play a role in increasing the ability of the dairy cow to 
positively respond to the stresses of inflammation or infection, and, as a result, she is more fertile 
(52 times more likely to be pregnant to first artificial insemination) than those that do not have as 
high an inflammatory response, at least when occurring in relation to high milk yield. The 
interaction between high Hp/ high milk on increasing pregnancy success contradicts the genetic 
findings associated with gene selection for high milk production having an antagonistic role on 
fertility (Khatib et al., 2009).  
Counts of white blood cells varied with main effect of day but not with the BCS 
categories. This result conflicts with a study by Rafia et al. (2012), who found significant 
differences among the same categories of cattle, specifically in lymphocyte counts at d 0 in 
moderate-conditioned versus over-conditioned and in monocyte counts at d 20 in under-
conditioned versus over-conditioned cattle. However, overall they did find a significant 
difference in leukocyte count by category or by day. The differences observed in this study 
included increasing neutrophils at parturition, which is well documented (Jain et al., 1986).The 
differences between time 2 (0 to 7 d) and time 3 (pre-breed 20-26) and time 2 (0 to 7 d) and time 
4 (pregnancy check 26 to 32 post-insemination) were significant for monocyte and neutrophil 
concentrations. Both of the later times showed reduced counts in the two leukocytes compared to 
time 2. The number of neutrophils, which are the first defense against foreign invaders and 
generally comprise 25% of the total leukocyte population (Paape et al., 2003), remained higher 
than the other leukocytes at each time point. These data indicate that some form of infection or 
inflammation was occurring in all categories of cattle at each time point. The observed 
neutrophilia is similar to the left shift that occurs in an acute inflammation; however, numbers of 
lymphocytes, which normally decrease in number during a left shift (Jain, 1986), remained the 
same. 
The WBC differential showed that lymphocytes did not vary with time and the 
concentrations were lower than normal values (normal values = 57 to 72%) while the total 
neutrophils remained in the higher range of normal (normal values = 20%; Jain, 1986) at each 
time. The increase in neutrophils at parturition corresponds with findings of Jain (1986); and of 
Joksimovic and Davidovic (2012). The concentrations of neutrophils were higher and the 
27 
 
number of lymphocytes were lower than those reported by Nazifi et al. (2008) for cows sampled 
25 to 30 d postpartum, which were consistent with normal values for cattle. The lower than 
normal lymphocyte numbers may have been due to systemic inflammation in the cattle. 
Lymphopoenia is observed in cattle during an acute inflammatory response, which would 
explain the neutrophilia observed during the various time points, especially during parturition 
when there is a high rate of secretion of glucocorticoids. High CRH can act as an 
immunosuppressant, but, in some cases, CRH and ACTH stimulation of pituitary and adrenal 
cortex may be blocked due to inflammatory cytokines (TNFα, IL-1, and IL-6; O’Connor et al., 
2000), which may explain the high Hp/high milk group having a greater conception rate. When 
comparing the Hp/milk and WBC values it is speculative to say that those cows with the ability 
to form an inflammatory response are more capable of fighting inflammation or infections 
associated with mammary and reproductive tissues (i.e. greater immune system), which allows 
them to be more probable to conceive and maintain pregnancy. 
In summary, categorizing animals by BCS in the prepartum did not allow prediction of 
pregnancy success. Furthermore, although BCS changed from prepartum through early 
postpartum, the relative change was not associated with success of pregnancy after a Pre-Synch 
and Ov-Synch protocol. Inseminating cows after estrus tended to increase pregnancy success 
compared to timed insemination. Cows having disease early postpartum and particularly around 
d 21 to 26 were less likely to become pregnant at first insemination. Hematocrit was lowest at d 
21 to 26 postpartum, corresponding with the lowest BCS, and indicating a time of stress. More 
sampling times were needed to determine when hematocrit values began to increase from the low 
values at prebreeding. As reviewed by Jain (1986), high milk producing cows develop anemia 
more frequently than low milk producing cows. Answers for the differences in the role of APP in 
inflammatory response are needed and other studies looking at the interaction between Hp and 
milk yield need to be performed to gain greater knowledge about this association. Higher 
pregnancy success in regards to high Hp/high milk is a strategy that needs further investigation 
to determine the role of the interaction in relation to fertility in dairy cattle. 
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